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ABSTRACT 

A new calibration is given of the mean absolute magnitude of the three brightest red and blue 
supergiant stars in nearby galaxies whose distances are independently known from Cepheid variables. 
The calibration covers 7 magnitudes in MB of the parent galaxy and shows (Mv(3)) for red 
supergiants to be constant at —7.72±0.06 with dispersion of a ^ 0.17 mag. However, (MB(3)) for 
the brightest blue supergiants varies nearly in step with M5(galaxy) for parent galaxies brighter than 
Mb = —17, making such blue stars less useful as distance indicators. 

The brightest red supergiants have been identified and measured in the three nearby, resolved 
galaxies IC 4182, NGC 4214, and NGC 4395 to obtain distance moduli of (m — M)° = 28.21, 29.02, 
and 28.82, respectively. These distances are used to calibrate the mean absolute magnitude at 
maximum of the two Type I Supernovae (SNe I) 1937c and 1954a, after showing that o(M) for SNe I 
is small, and hence that such stars are also good distance indicators. 

The value (M5(max))SNe —19.74±0.19 is used to calibrate the velocity-apparent magnitude 
(Hubble) diagram for 16 SNe I, most of which have recession velocities greater than 3000 km s_1, 
beyond the effect of any local velocity anisotropy. The result is that the global value of the Hubble 
constant is Ho = 50±l km s_1 Mpc-1. Agreement with H0 = 46±6 km s-1 Mpc-1, required by 
time-scale arguments for a Friedmann cosmology with q0 = 0, is noted. 
Subject headings: cosmology — galaxies: redshifts — galaxies: stellar content — stars: luminosities — 

stars: supergiants 

I. INTRODUCTION 

The local value of the Hubble constant, even if it 
could be determined with precision, is expected to differ 
from the global value due to the large density enhance- 
ment of the Virgo complex. This North Galactic 
Anomaly should cause a systematic perturbation of the 
global Hubble flow at some level, unless — O (or 
conversely if qQ were very large due to a presently 
unseen uniformly distributed substratum mass, causing 
the density contrast of the Virgo complex to be, in fact, 
insignificant). 

The question of the existence and especially the size 
of any real velocity perturbation remains controversial 
—so much so that no convincing value of /70(global) 
can be expected from methods that rely on measured 
velocities smaller than ~ 3000 km s_1. Hence, precision 
distances are required to galaxies well beyond the Virgo 
complex. 

In earlier papers of this series (cf. Sandage and 
Tammann 1976, Paper VII with earlier references; 
hereafter ST VII) we attempted to cross the local region 

1 Mount Wilson and Las Campanas Observatories of the 
Carnegie Institution of Washington. 

Astronomisches Institut der Universität Basel and European 
Southern Observatory. 

into the unperturbed Hubble flow using H n region 
diameters and then Sc I galaxies alone as distance 
indicators, after establishing the local distance scale to 
the M81/NGC 2403 and the M101 groups (Tammann 
and Sandage 1968; ST II, III), first from Cepheid vari- 
ables, and then from brightest stars using Cepheids. 

Unfortunately, the last stage of this bridge into the 
zone where v > 3000 km s_ 1 is less certain than we first 
beheved due to a new understanding that the van den 
Bergh luminosity classes, even for Sc I galaxies, do 
not measure luminosity, except within wide limits 
(Tammann, Yahil, and Sandage 1979).3 

In the present paper we again approach the problem 
of finding /70(global), but now by using two distance 
indicators whose dispersion in absolute magnitude is 

Although we now beheve that the last step in ST VI did give 
nearly the correct value for //0(global), it did so by the lucky 
circumstances that (1) the Malmquist bias of our two samples of 
Sc I galaxies (one bright and the other faint) caused the mean 
absolute magnitude (M) of each sample to be nearly the same 
(despite the large range in apparent magnitude between them) 
because each sample was chosen from two different catalogs (one 
the Shapley-Ames and the other the Zwicky volumes) whose 
apparent magnitude limits were different, and (2) our adopted 
(A/)sc i was fortuitously correct for the mean of these two samples 
with different Malmquist biases. 
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340 SANDAGE AND TAMMANN Vol. 256 

small, and hence which are virtually free from the 
Malmquist bias. In § II we present new data on the 
mean absolute magnitude of the brightest individual red 
and blue supergiant stars in very nearby galaxies, 
calibrated relative to the Cepheids. As a next step, the 
red supergiants have been found and measured in 
IC 4182, NGC 4214, and NGC 4395 using yellow and 
blue plates taken in good seeing. The results, set out in 
§ III, are used to calibrate (M^) for two well- 
observed Type I Supernovae (SNe I), one in each of the 
first two galaxies. Proof that SNe I are good standard 
candles with small dispersion in (M) is summarized in 
§ IV. The velocity-relative distance diagram for 16 SNe I 
with known is then calibrated in § \Nb using the 
distances for IC 4182 and NGC 4214, with the result 
that /70(global) ^ 50±7 km s_1 Mpc-1. No ad hoc 
assumptions or tertiary calibrations are necessary. The 
result is compared in § V with the known age of 
globular clusters in the Galaxy (increased by the Galaxy 
formation time) to show that the cosmological and the 
evolutionary time scales now closely agree if qQ ^ 0. 

II. ABSOLUTE MAGNITUDES OF BRIGHTEST 
RESOLVED STARS 

a) Via Cepheids 

Three additional galaxies can be added to the original 
calibration (ST II) of the brightest resolved red and blue 
supergiants in galaxies whose distances are known, either 
from Cepheids directly or from groups where at least 
one galaxy has a Cepheid distance. (1) New work in 
M3 3 (Humphreys and Sandage 1980) permits identifica- 
tion and photometry of its brightest red and blue stars. 
(2) Color-magnitude diagrams to V = 22, B—23 have 
been obtained for Sextans A (Sandage and Carlson 
1982) and Holmberg IX (Sandage 1982a), which is the 
immediate eastern companion to M81. 

The data for these and the other calibrators, known 
earlier, are set out in Table 1. Column (2) lists the 
adopted blue modulus from the indicated sources,4 col- 
umn (3) the adopted blue absorption, column (4) the 

4 These distance moduli are conservative, based still on the old 
modulus of the Hyades of 3.03 (van Bueren 1952; Wayman, 
Symms, and Blackwell 1965; Eggen 1979). If a larger distance 
modulus (e.g., van Altena 1974; Hanson 1975) were adopted, our 
absolute magnitudes for the resolved stars would become brighter 
because the modulus to the parent galaxy becomes correspondingly 
larger due to the direct effect on the adopted P-L-C relation 
(Sandage and Tammann 1969, 1971) for Cepheids. Graham’s 
(1973,1975,1977) RR Lyrae stars in the Magellanic Clouds do not 
support the increase (cf. Tammann, Sandage, and Yahil 1980). The 
smaller moduli adopted here are independently confirmed to within 
~ ±0.2 mag in the LMC by Cepheids (Martin, Warren, and Feast 
1979), by Mira stars (Glass and Evans 1981), and by OB stars 
(Crampton 1979), and for the SMC by Cepheids (Feast 1977) and 
by OB stars (Crampton and Greasley 1981), which partially, 
however, also depend on the Hyades modulus. 

fully corrected blue absolute magnitude, including the 
correction for internal absorption (Kraan-Kortweg and 
Tammann 1979), columns (5) and (7) list the mean blue 
and yellow apparent magnitudes of the three brightest 
stars from the sources given at the bottom of the table, 
and finally, columns (6) and (8) give the corresponding 
absolute magnitudes. The calibration of the red super- 
giants at (Mv(3)) = —7.72 ±0.06 has the small stan- 
dard deviation of a = 0.17 mag. 

b) Via Red Stars in Seven Other Galaxies 

The data in Table 2 are also from new color-magni- 
tude diagrams (Sandage 1982 a), photoelectrically cali- 
brated. The observed mean magnitude of the three 
brightest red stars in column (2) are used, via the red 
star calibration obtained in the last section, to find 
(m — M)° in column (4) using the adopted absorptions 
in column (3). From these data, the M¿(3) absolute 
magnitudes follow in column (6), and the absolute mag- 
nitudes of the parent galaxies in column (7). The Usted 
moduh and absolute magnitudes are beheved to be 
accurate to ~ ±0.3 mag individually. 

c) The New Calibration 

The data, plotted in Figures la and \b for the red and 
blue stars, respectively, show no correlation of MK(red 
star) with M(galaxy), but show a pronounced correla- 
tion for the blue stars, as in the original cahbration (ST 
II). The correlation begins in galaxies brighter than 
M5(galaxy)»—17, hence blue stars in such galaxies are 
less useful as distance indicators because the correlation 
Une is almost 45°, which is the degenerate condition for 
which faint, nearby indicators imitate bright distant 
ones exactly. 

The most important features of Figure la for our 
problem are (1) the tightness of the spread of Mv for the 
red supergiants, and (2) the constancy of MK(star) over 
7 magnitudes of M(galaxy).5 

5Our value of Mv(3) — —1.12±0Mo is ~ 0.3 mag fainter than 
Mv(3) = —8.0 adopted by Humphreys (1980c, Paper VI with 
earlier references therein) primarily because of our different ap- 
proach to the problem of internal absorption. We have chosen not 
to apply such corrections because, in general, they are almost 
always unknown for the program galaxies, in contrast to some of 
the nearby calibrators where many of the red stars have been 
individually photometered by Humphreys. We justify our proce- 
dure by noting that (1) the brightest stars in a galaxy as seen by an 
outside observer are expected to be biased in favor of low internal 
absorption, and (2) the internal absorption may increase the mag- 
nitude scatter but will not introduce a systematic error in distance 
as long as the calibrating and the unknown galaxies are treated 
consistently. But, of course, our Mv(3) value is fainter than that of 
Humphreys because she does apply corrections to her calibration 
data. Hence, to use her value, one must make some assumption 
concerning the internal absorption for the unknown (program) 
galaxies, whereas no assumption is needed in the method used 
here. 
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TABLE 1 
The Brightest Blue and Red Stars from Cepheid Distances 

Galaxy 
(1) 

(m-M)AB 
(2) (3) (4) 

mB(3) 
(5) 

Ms(3) 
(6) 

mK(3) 
(2) 

M°(3) 
(8) 

Solar neighborhood 
LMC .... :  
SMC  
M33  

NGC6822    
IC 1613   
Sextans A   
NGC 2403    
NGC2366    
NGC 4236    
IC 2574   
Roll    
Hoi   
Ho IX    
M101  
NGC 5474   
NGC 5585    

18.914 

19.354 

24.684 

25.034 

24.554 

25.6711 

27.804 

27.76 4 

27.584 

27.604 

27.674 

27.634 

27.6314 

29.215 

29.215 

29.215 

0.324 

0.084 

0.124 

1.084 

0.124 

0.0711 

0.244 

0.194 

0.024 

0.044 

0.114 

0.074 

0.0714 

0.0015 

0.0015 

0.0015 

-18.5)1 

-18.44 
-16.81 
-18.87 
-15.84 
-14.71 
-13.97 
-19.37 
-16.53 
-18.21 
-16.87 
-16.58 
-14.40 
-13.45 
-21.31 
-18.19 
-18.26 

9.465 

10.635 

15.728 

16.899 

16.68]0 

17.8811 

18.2712 

18.9713 

19.2213 

19.7713 

19.6413 

19.7313 

19.5614 

18.9916 

20.617 

20.917 

— 8.842 

-9.45 
-8.72 
-8.96 
-8.14 
-7.87 
-7.79 
-9.53 
-8.78 
-8.36 
-7.83 
-8.03 
-7.90 
-8.07 

-10.21 
-8.6 
-8.3 

11.076 

11.777 

16.708 

16.949 

16.9510 

18.0911 

20.0713 

(20.0)13 

(20.4) 13 

(19.5) 14 

>21.217 

— 7.973 

-7.76 
-7.56 
-7.95 
-7.82 
-7.57 
-7.53 
-7.67 

(-7.6) 
(-7.2) 

(-8T) 
> -8.0 

-7.72 ±0.06 
a = 0.17 

Sources.—Assuming for our Galaxy -21.0 mag and that the solar neighborhood is representative for 1/10 of the 
Galaxy. 2 Mean for p Cas, f Sco, and HD 134959 (Humphreys 1978). 3 Mean for /x Cep, KY Cyg, and KW Sgr (Humphreys 1978). 
4Sandage and Tammann 1974a (ST I). 5Feast, Thackeray, and Wessehnk 1960. Humphreys 1979a. Humphreys 1979b. 
8Humphreys and Sandage 1980. 9Kayser 1967; Humphreys 1980a. 10Sandage and Katern 1976; Humphreys 1980a. 'bandage 
and Carlson 1982. 12Sandage and Tammann 19746 (ST II); Humphreys 19806. 13Sandage and Tammann 19746 (ST II). 
14Sandage 1982a. 15Sandage and Tammann 1974c (ST III), 1981. The distance limit is required by the absence of Cepheids in 
M101. 16Sandage and Tammann 1974c (ST III); Humphreys 19806. 17Sandage and Tammann 1974c (ST III). 

TABLE 2 
New Distances from Red Supergiants 

Galaxy mK(3) Ay (m-M)° mB(3) M%(3) A^’/gal) 
(1) (2) (3) (4) (5) (6) (7) 

W-L-M.  17.82 0.00 25.54 17.94 -7.60 -14.81 
Sextans B .... 18.94 0.05 26.64 19.50 -7.17 -15.00 
Leo A  19.68 0.00 27.40 18.75 -8.65 -14.49 
Pegasus  20.52 0.05 28.19 20.10 -8.15 -15.84 
IC 4182  20.49 0.00 28.21 20.24 -7.97 -16.87 
NGC 4395... 21.1 0.00 28.82 19.29 -9.53 -18.47 
NGC 4214 ... 21.3a 0.00 29.02 19.23 -9.79 -18.99 

aThe brightest red supergiant has mK(l) = 21.1 mag. The mean difference mr(3)- mK(l) = 
0.19 mag (a = 0.14 mag) has been applied. 

III. DISTANCES TO IC 4182, NGC 4214, AND NGC 4395 
FROM THEIR RED SUPERGIANTS 

Inspection of large-scale, good-seeing plates taken 
between 1930 and 1950 with the Mount Wilson Hooker 
2.5 m reflector of these and other galaxies in the 
Coma-Canes Venatici-Ursa Major region had already 
shown the cited galaxies to be very highly resolved into 
individual stars. Plates of these and similar candidates 
have been taken as a regular program during fine seeing 
conditions since 1950 with the Hale 5 m reflector so as 

to measure their brightest stars. For these particular 
galaxies, photoelectric calibration has been obtained 
with the Hooker reflector of nearby field stars to V= 
17.5, and the sequences were extended 5 magnitudes 
fainter in B and V with a Pickering-Racine wedge used 
with the 5 m photographic plates. The resulting color- 
magnitude diagrams for these galaxies (Sandage 1982«) 
give values for the brightest red and blue supergiants 
listed in Table 2. 

IC 4182 and NGC 4395 were particularly easy objects 
as regards photometry of their brightest stars. The 
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-9 

-8 
Mv (3) 

-7 

-10 

-9 
Mb(3) 

-8 

-7 

-13 -15 -17 -19 -21 

M°(gal) 

Fig. 1.—Top, calibration of the mean absolute V magnitude of the three brightest red supergiants in galaxies whose distances are known 
from Cepheids (or by other methods for the solar neighborhood). Open circles are less certain values, given in parentheses in Table 1. Crosses 
are galaxies from Table 2, forced to be on the mean line defined by the calibration. Bottom, mean absolute B magnitude for the first three 
brightest blue supergiants in the galaxies listed in Tables 1 and 2. Crosses are from Table 2. The three triangles are galaxies in the M101 
group. The absolute blue magnitude of the parent galaxy, corrected for absorption, is plotted as abscissa. 

(a) 

HO ESI SOLAR N0 #M33 N6822  X- X-X \ X 9X- -x- 9  
SEX A • „ 81^*12574 ^ N2403 11613 SMC OH0E 

RED STARS 

M101 
__T 

(b) 

* . 

BLUE STARS 

surface brightnesses of their background galactic disks 
are low. Also, the galaxies have spiral features and 
associations, which makes the identification of the mem- 
ber stars by position quite straightforward. 

NGC 4214 presented certain complications with 
field stars, and with photometry on a high background. 
These caused difficulties even for Argelander step-scale 
photometry used throughout, and the data for NGC 
4214 are less certain. However, what is certain is that 
NGC 4214 and NGC 4395 are in a common group 
(Kraan-Korteweg and Tammann 1979, their group B4), 
hence the distance to NGC 4395 provides a good con- 
firmation for NGC 4214. 

The true distance moduli listed in column (4) of Table 
2 of (m — M)° = 28.21, 28.82, and 29.02 for IC 4182, 
NGC 4395, and NGC 4214, respectively, are well de- 
termined for the first two galaxies at the ±0.3 mag level, 
giving distances which we believe to be absolute, and 
accurate to ~ ± 15%. 

IV. CALIBRATION OF TYPE I SUPERNOVAE AS 
DISTANCE INDICATORS 

a) Proof of Usefulness 

Problems of determining the magnitudes of super- 
novae at maximum and the internal absorption in 
galaxies of all types have been reviewed recently 

(Tammann 1981). Available data had suggested earlier 
(Kowal 1968) that the dispersion in (M™3*) may be 
small in well-observed SNe I, and hence that they might 
be good relative distance indicators. Once calibrated, 
they would then become good absolute indicators. 

It has now become clear that a distinction should be 
made between SNe I in E and in spiral galaxies because 
of the difficult problem of internal absorption 
(Tammann 1981, Fig. 6). Hence, because of the lack of 
internal absorption, SNe I in E galaxies are particularly 
important. Analysis of 16 SNe I in such galaxies either 
of known redshift or internal to the Virgo and Coma 
clusters shows that a(M“ax) — 0.58 mag for the com- 
plete sample, and a(M) = 0.43 mag for a subsample of 
the nine best observed SNe I (Tammann 1981, § 3.1). 

The magnitudes at maximum of the 16 SNe I were 
taken from a recent analysis (Cadonau and Tammann 
1982) of previous data (Barbon, Capaccioli, and Ciatti 
1975; Pskovskii 1977; Kowal 1978; Branch and Bettis 
1978); a conversion of the mpg magnitudes to the B 
system of — mpg = 0.24 mag at maximum has been 
adopted. The magnitudes have been corrected for 
galactic absorption using the precepts of the RSA 
(Sandage and Tammann 1981). An absorption-free polar 
cap for ¿>>50°, adopted there, now seems well estab- 
lished from new high-latitude X-ray, far-ultraviolet, and 
radio data (cf. Heiles 1980; Bohlin, Savage, and Drake 
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10,000 

3,000 

1,000 

Fig. 2.—Redshift-apparent magnitude diagram for 16 Type I 
Supernovae in E galaxies with known Six supemovae make 
up the Virgo cluster point, and five are in Coma. 

1978). The values are plotted in the Hubble dia- 
gram of Figure 2, where the six SNe I in Virgo cluster E 
galaxies and the five in the Coma cluster are combined. 

The SNe I follow a Une of slope 5 with high accuracy. 
Since it is independently known from first-ranked clus- 
ter E galaxies that the far expansion field is linear 
(Sandage \912a, b), Figure 2 shows that (M^) for 
SNe I is stable to within the scatter quoted above. A 
least-squares fit, using m™** as independent variable, 
and forcing a slope of 5, requires 

(M™**) = (-19.74±0.24) + 5 log (H0/50). (1) 

Another check on the stabihty of (MJ?3*), which is 
independent of all velocity data, comes from the fact 
that the six SNe I in Virgo cluster E galaxies have 
(m^) = 12.02 ±0.18, again with a small scatter of 
a = 0.43.6 

Finally, an impressive demonstration that SNe I are 
almost perfect standard candles, has recently become 
available from extended infrared photometry of three 
SNe I, two of which he in the same galaxy, NGC 1316, 

6 In passing, it may be noted that the mean apparent magnitude 
of the Virgo SNe I, combined with the absolute magnitude calibra- 
tion from § IV6, gives (m - M)° = 31.68±0.30 (21.7±3.1 Mpc) 
for the Virgo cluster. With H0 = 50 ±1 from below, the expected 
Virgo recession velocity is u0 = 1085±217 km s~\ while the 
observed value is (uobs) = 967 ±50 km s_ 1 (Kraan-Korteweg 1981). 
This limits our infall velocity toward Virgo to 118±223 km s-1. 
For the derivation of equation (1), a true Virgo cluster velocity, 
corrected for our infall motion, of 1200 km s-1 was adopted. An 
error of ±200 km s“1 of this velocity affects the mean absolute 
magnitude of the 16 SNe I by only ±0.2 mag; this error has been 
allowed for in the quoted error of equation (1). 

and one in the Virgo cluster spiral, NGC 4536 (Elias 
et al. 1981). The complex light curves of these stars are 
identical to within 0.1 mag, which is of the same order 
as the observational accuracy.7 

b) Absolute Calibration Using NGC 4214 and 
IC 4182 

Two of the galaxies in Table 2 with known distances 
have produced SNe I with well-observed light curves, 
i.e., IC 4182 (SN 1937c) and NGC 4214 (SN 1954a). 
Although SN 1954a has shown some spectral peculiari- 
ties, it is, with no doubt, of Type I (Oke and Searle 
1974). 

The relevant data for the two SNe are compiled in 
Table 3. Baade’s (1938, 1941) maximum of = 
for SN 1937c translates to = (col. [3]). The 
available color information does not allow a correction 
for internal absorption, and because the SN lies outside 
the main body of IC 4182, we have conservatively 
adopted zero absorption. (Note, that any absorption 
correction would lead to a lower value of H0.) Wild’s 
(1960) photometry of SN 1954a, together with the 
standard light curve of Barbon, Ciatti, and Rosino 
(1973a), gives —10.18. 

To estimate the absorption, we have taken the shape 
of the {B — V) light curve from the well-observed SN 
1972e in NGC 5253 (Ardeberg and de Groot 1973; Lee, 
Wamsteker, and Wisniewski 1972) and the zero point of 
the color curve from the presumably absorption-free SN 
1970J, which occurred in the elliptical galaxy NGC 7619 
at 6 = 48° (Barbon, Ciatti, and Rosino 19736). This 
detour is necessary because the published intrinsic color 
curves are not independent of SN 1954a. The resulting 
reddening for SN 1954a is = 0.22±0.08, which 
then leads (assuming AB/EB_V^4 for SNe) to a blue 
absorption of AB^ 0.88 ±0.32, and to the corrected value 
of ra^max) in Table 3, column (3). In column (4), the 
distance moduli of the parent galaxies are repeated from 
Table 2; however, for SN 1954a, we adopt, for reasons 
discussed above, the mean modulus of NGC 4214 and 

7For the reasons stated in the two paragraphs above, we do 
not believe the correlation between Mg™ and the dechne rate of 
SNe I, as suggested by Pskovskii (1977) and Branch (1981), to be 
real. The dechne rate is sensitive to photometric errors due to 
background problems and scale errors of the photographic stan- 
dards. However, if there were such a correlation, the two SNe I 
1937c and 1954a are suggested to be of the “fast” and therefore 
“ underluminous” type, and in that case the value of //0, derived in 
IVfr, would be an overestimate. It is, perhaps, also necessary to 
state that we have assumed that SNe of Type I in E galaxies have 
the same A/ß(max) as those in spirals. This supposition is based 
here on the similarity of the light curves (Elias etal. 1981), mean- 
ing to us a highly constrained set of physics, which, following 
Gertrude Stein, suggests that a Type I supernova is a Type I 
supernova is a Type I supernova. 
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TABLE 3 
Luminosity Calibration of SNe I Using NGC 4214 and IC 4182 

Vol. 256 

Name Galaxy (m - M)° M¿(max) 
(1) (2) (3) (4) (5) 

SN 1937c... IC 4182 8.44±0.1 28.21±0.2 -19.77±0.22 
SN 1954a... NGC 4214 9.30±0.3 28.92±0.3 -19.62±0.42 

—19.74±0.19 

NGC 4395. Our final calibration of (M¿(max)) = 
—19.74±0.19 is in column (5).8 

The calibration is in satisfactory agreement with pre- 
sently available expansion parallaxes of SNe I and 
SNe II. The quoted values for SNe I are within the 
limits —20.5 < < —19.12 (Branch 1977; Arnett 
1982; Branch 1981). For the type II SN 1979c in the 
Virgo cluster, Branch etal. (1981) found a distance 
modulus of (m —M)° = 31.8, which then requires, for 
the six Virgo SNe I in § IVa, (M™3*) = -19.8. 

The calibration from Table 3, combined with the 
Hubble diagram of Figure 2 via equation (1), requires 

H0 = 50±l km s“1 Mpc-1. (2) 

Because Figure 2 is mainly defined by SNe I with 
3000 <d0^ 12,000 km s-1, this is clearly the global 
value because we are well beyond the effect of any local 
velocity anisotropies. 

V. COMPARISON OF THE TIME SCALES 

One of four central tests of the Friedmann cosmology 
is comparison of time scales. Now that one has hope 
that the age of the system of globular clusters is known 
in the Galaxy, this test can be made using equation (2) 
for comparison. 

To the age of the globular clusters of (17±2)X109 

years (Sandage 1982/?) we must add the formation time 
of galaxies from the “beginning.” Here we have used the 
observed upper limit to the redshift of quasars of z ~ 4 
(Sandage 1972/?; Osmer 1982), to estimate this addi- 
tional formation time. 

8 With this value, the two Galactic SNe (presumably of Type I) 
of Tycho (SN 1572) and Kepler (SN 1604) are at distances of 4.0 
and 3.2 kpc from us, respectively. These distances are within the 
range of the published values. SN 1885a in M31 (i.e., S And) must 
either have been dimmed by 0.6 mag of internal absorption, or it 
was not of type I. 

In the qo — 0 limit it is easy to show that the age of 
the universe, t0, from globular clusters plus formation 
time is 

t0 = (17±2) X 109 +0.2 Hq\ (3) 

the last term being the quasar formation time. [In the 
#0 = 1/2 special case, where the space dilation goes as 
R(t)~ t2/3, the last term becomes 0.06 Hq\] 

Again, for the q0 = 0 case, equation (3) must agree 
with Hq 1 from equation (2), i.e., with the directly de- 
termined cosmological value. Hence, substitution of 
í0 — HqX in equation (3) requires that 0.8 HqX — 
(17±2)X 109 years, or HqX — (21.2±2.5)X 109 years via 
time scales; hence 

7/0 = 46 ± 6 km s~"1 Mpc-1 (4) 

is required for exact agreement of the times. The similar- 
ity of equations (2) and (4) indicates the time scale test 
to be successful. The result may be interpreted in two 
ways: either (1) the distance scale and the age of the 
globular clusters are indeed correct, and therefore the 
#0^0 Friedmann model does apply, or (2) a Friedmann 
model is assumed, and then the determinations of 7/0 

through the distance scale and through the age of the 
globular clusters lend support to each other. 

Given the globular cluster age, Friedmann solutions 
(i.e., A = 0) do not exist for /70 >60. 
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